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by Ralph M. Paroli, Karen K. Y. Liu and Terrance R. Simmons 

Thermoplastic polyolefins are a "new generation" of single-ply roofing systems. 
This Update reviews their characteristics and performance to date and clarifies 
some misunderstandings related to terminology. 

A typical low-slope roofing system 
consists of three components: a struc- 
tural deck, a thermal insulation barrier 
and a waterproofing membrane, which 
consists of reinforcing fibres or fabric 
sandwiched between two sheets of 
flexible matrix. The matrix material 
is either asphalt- or polymer-based 
(Figure 1). In "single-ply" membranes, 
the matrix is made of flexible polymer. 
The reinforcement provides dimen- 
sional stability for the membrane as 
well as strength to resist stresses in 
service. It is generally made of 
chopped short glass fibre strands F/gure 2. Reinforcement commonly used in roofing 
packed in a mat, or continuous poly- membranes: (a) random short glass fibre mat; 
ester fibre arranged in a grid or in a (^) Polyester scrim; (c) non-woven polyester mat 
non- woven mat (Figure 2) . jy^^^^ essentiaUy two classes of polymer- 

based roofing membranes: thermosets (TS) 
and thermoplastics (TP) (see Text Box A). 
Thermoplastics soften when heated (this 
process is reversible) but thermosets do not. 
Thermosets include the commonly used 
ethylene propylene diene monomer [also 
known as ethylene propylene diene terpoly- 
mer] (EPDM), while thermoplastics encom- 
pass a wider variety of roofing membranes, 
including thermoplastic polyolefins (TPOs). 

All thermoplastic roofing membranes 
share certain characteristics, e.g., seaming 
can be done by heat welding. However, for 
the most part, they have very different 
chemical, physical and mechanical proper- 
ties. It is impossible to explain these differ- 
ences here, but there are different ASTM 
material-based standards for various TP 
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Figure 1, Categories of low-slope roofing membranes 
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(a) Thermoplasttc (b) Thermoset 

' Schematic%dleculaf configurations of (a) a thermoplastic : 
and (b) a thermoset ^ — - > ^ ^ ^ ^ 

polymer is a long-chain molecule ^consisting^prman]|^ 
(p^ly) small i%peati(i^nil#(mer) (-10^ - lO^ joined end to 
end. These ^moleculls 'af# tangled'' iiS aP^rahdpm rnariner 
analogous to cooked spaghetti! - ^ ^ ^ f 

Polymers "leart*^ be dlasstfied^intcy thenff^ (TPs) and' 
^thermosets^ (TSs)^d^pending?on their mechanical behaviour 
.on heating and .cooling.i^ TPsi comprise 4ong-ehain^molei 
c vAe^held together by weak, bonds (figur^a) .: V^hen heat Is^ 
applied, the molecules "slide past" ohejanotfier and the 
pdlyrhef softeshs. On cooling, the molecules cannot slide 
past each fithSr easily^ and the polymer Hardens. TS lohg-^ 
chain moleciilesi however* are linked together by"%aiialF 
molecules via strong ehemieal^bondSv a process sometirhes^ 
referred to as vulca^nizatipn^(Eigure b). This three-dimen- 
sional netvYork is so rigid that the rnolecules cannot movei 
very much even when the polymer is heated.' Thus, TSs do 
not soften when heaited. ' ' ; : 

Because of these diifferences, TP and TS rnembranes are 
bonded differently when applied. TPs can be bonded using 
heat welding: the hot air melts the polymer at the seam and 
the two strips of membrane become fused. TS membranes 
are usually bonded using adhesives or tapes > 


products. To avoid confusion, one should 
not just label all of these products simply 
as TP products. TPOs differ from other TPs 
in several respects, and thus must be 
handled and applied differently. 

Definition of TPO 

Defining "thermoplastic polyolefin" is diffi- 
cult. "Thermoplastic" is a generic term in 
polymer science; it encompasses a class of 
polymers that, as mentioned above, soften 
when heated in a reversible process. The 
term "olefin" is even more generic, being 
an old chemical name for any molecule 
containing carbon-carbon double bonds (the 
modern name for this family of molecules 
is alkenes). Any polymer formed by chemi- 
cally linking up many olefin molecules is 
termed "polyolefin." 

According to the latest draft ASTM 
standard for TPOs, the composition is very 


non-specific. The standard states that TPOs 
must contain more than 95% by mass of 
TPO polymer. The polymer itself is not 
defined within the standard, which states 
only that the sheet shall contain the 
"appropriate" polymers. Because of this 
loose definition, there is an endless list of 
chemicals that would fall under this standard 
(e.g., polyethylene, polypropylene, and 
isobutylene, as well as their derivatives). 
Ideally, manufacturers would specify the exact 
polymer in terms of marketing and labelling. 

There are a few published papers that 
attempt to explain the different types of 
TPOs [1-4]. One point is clear, however: 
unlike plasticized thermoplastic membranes, 
TPOs do not contain plasticizers (small 
molecules added during compounding to 
increase the flexibility of the product). 
Therefore, the problem of plasticizer loss 
associated with some plasticized membranes 
is eliminated. 

Confusion in the IVIarlcet Place 

TPO roofing membranes have been in ser- 
vice in Europe for approximately ten years. 
The first appearance of a "TPO- type" roof- 
ing product in the United States was 
around 1987. As yet, little is known about 
their durability. 

The confusion associated with TPOs 
comes from both the chemical terminology 
and the product marketing. The latter has 
promoted mainly the EPDM-like character- 
istics of TPOs, i.e., it being like rubber with 
the added benefits of welded seams (which 
EPDMs do not have). Also promoted has 
been the chemical resistance attributed to 
the olefin component of the polymers. 
Unfortunately, some confusion has 
occurred, especially regarding the use of 
the term thermoplastic (TP). It is important 
to remember that TPOs are thermoplastic 
(i.e., TPs) but only some TPs are TPOs. 

Benefits of TPOs 

In general, TPO membranes are being 
marketed as a product that combines the 
properties of EPDM and PVC, without the 
associated drawbacks that the latter two 
materials have. In other words, they are 
supposed to be as UV-resistant and as 
heat-resistant as EPDM, and as heat-weldable 
as PVC. 

The following benefits and characteris- 
tics have been reported for TPOs [1-3]: 

• environmentally friendly and recyclable 

• seams can be heat welded 


2 


A good roofing mem- 
brane has to be strong 

enough to withstand 

stresses, and . flexible 

enough to accommodate 

deck movement These 
^ prpperties .^are^; re.pre- ■ 

sented ,by breaking 
^^strtngth%nd%l«hgl^ 
# whichi^can be nieasured 
. by a tensile, testing i ^ ^ 

marhinp \Amirn pullS ^ ■ 



1 j_ 

Breaking strength 


- Elongation at break 

, ^-ir^ 


,100 


150 

1*:^ Elongation, % 


250 


300 


machme. which pulls a 

rec tafigular specimen %t %p/aa/ fen^ s^resPe/^/Tgaten^^^^ 
a constant rate. , ^ The reinforced TgO membrane at , 
machine plots the reac- ' .^^ 

tion as a stress-elongation curve. The maximum stress borne by the spec- 
imen is called the breaking strength while the elongation at which the 
maximum stress is achieved is called the elongation at break. 


Membranes sometimes 
require solvent wipe (to clean 
or prime) before welding; 
Re-welding membranes (in 
repair) is problematic after 
exposure to sun; 
Black membranes are more 
difficult to weld than white 
ones. 


• available in many colours 

• resistant to heat and UV degradation 

• resistant to many chemicals 

• good cold-temperature flexibility 

• no external plasticizers added. 

Performance of TPOs 

TPO membranes are lighter in weight and 
easier to handle than the other thermoplastic 
membranes. But, while flexible, they have 
a rather rigid feel: they tend to hold their 
shape, and do not relax quickly Contractors 
appear to be adjusting slowly to them and 
some say they are not "contractor- friendly" 
Their comments about TPOs include the 
following: 

• Hot-air- welded seams are easy and clean; 

• Costs are lower than for other hot-air- 
welded membranes; 

• Mechanically fastened systems (as opposed 
to loose laid or fully adhered systems) 
work well in recover applications without 
adding extra load; 

• Non-reinforced flashing membranes are 
easy to form for detailing; 

• Noticeable changes in colour and texture 
occur over time; 

• Membranes respond dramatically 
(expansion and contraction) to tempera- 
ture changes; 

• Cold welds (i.e., welds at temperatures 
that are not hot enough) occur fre- 
quently; the start and stop positions of 
the robotic welder are especially critical, 
as are the positions of t-seams; 

• Narrow welding window exists between 
cold welds and scorch/burn-through (i.e., 
welds at temperatures that are too hot); 

• Failure of substrate bonding adhesive is 
common (i.e., not sticking to membrane); 


Current Research 
Results 

IRC, in collaboration with 
Benchmark Inc.. a U.S. roofing 
consulting firm, initiated a 
five-year project in 1997 to 
study the long-term perfor- 
mance of TPO membranes. 
Thus far it has been found that the 
membranes reinforced with continuous 
polyester fibre scrim had significandy 
higher tensile breaking strength (see Text 
Box B) than those reinforced with random 
short glass fibre mat. With the polyester 
scrim (continuous fibre bundles arranged in 
a grid) , the fibres bore the majority of the 
applied stress until failure, resulting in high 
breaking strength. In the case of the glass 
fibre mat reinforcement (chopped fibre 
strands packed randomly into a mat), the 
fibre strands flowed and aligned themselves 
with the polymer in the direction of the 
applied stress, resulting in significantly 
lower breaking strength — i.e., the strands 
moved with the membrane rather than 
stretching and eventually snapping as is the 
case with the polyester. 

The breaking strength of the polyester scrim 
membranes was governed by the number of 
fibre tows (bundles) across the width of the 
specimen. The strength of the fibre tows 
was the same for all samples, independent 
of the surface coating. Therefore the tighter 
the weave of the reinforcement, the higher 
the breaking strength of the membrane. 

The difference in weave style had an effect 
on how a membrane failed as well. One 
sample was reinforced with an uncoated 
polyester scrim where the intersecting tows 
were held together by fine, continuous 
polyester fibres. When the membrane was 
pulled in the machine direction (parallel to 
the length of the roll of the membrane), the 
fine fibres stretched and tightly held onto 
the tows in the cross direction (perpendicu- 
lar to the machine direction), creating high 
localized stresses at the intersections. 
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When a polymer is warm, the.molecular segrnents are con- 
stantly changing place by actively sliding or jumping, and. 
the polymer is flexible. This is the amorphous state.. When^ 
the polymer is cooled, molecular movement starts to slow. 
If cooling .continued, a temperature wil 1, be peached #t^ 
which molecular ifnovement stops altogether. IJh^ polymer^ 
loses its flexibility anci b^conies britfle. Xhis is the^ glassy, 
state. T|ie: te|nperatare at which the transition from Hexi-^ 
bie to brittle pcciH-s islJalled the gla^ fcraunsitiOTjiempem-^ 
ture (Tg). fg is "a property of the' polynier ' and is an ; 
important ^cclicepr in evMultihg the perfcS-mance of poly- ' 
rher-based robfihg membran|s.J; The additiorfof^plasficizers 
(small polymer molecules) ^during compounding helps to 
lower "the To by increasing thef distance" between the poly- 
mer molecules and thereby softening the polymer. 


However, when the membrane was stressed 
in the cross direction, no localized stress 
points were formed, since the fine fibres 
held the tows in the machine direction by 
sandwiching instead of pulling them. 

The breaking strength of the polyester scrim 
membranes increased by 20-30% as the test 
temperature dropped to -40°C. However, the 
membrane became brittle and the ultimate 
elongation (a measure of the membrane s 
ability to accommodate deck movement) 
reduced more than 15 times. Since the 
flexibility of the polymer governs that of the 
membrane, it is recommended that polymers 
with superior cold-temperature mechanical 
properties (e.g., higher elongation) be used 
in membranes intended for cold temperature 
applications. The glass transition tempera- 
ture (Tg) is a good criterion for choosing the 
right polymer (see Text Box C). 

Cold temperature flexibility was monitored 
using Tg. It was found to be in the range of 
-SZ'^C to -37X. comparable to that of other 
single-ply systems (around -35 °C). There was 
one exception — a Tg of -54°C. That sample 
also had the highest tensile elongation at -40°C. 

Thermogravimetry (which monitors the 
weight change of a subject being heated over 
a temperature range) clearly shows that there 
are at least four different types of TPOs based 
on weight loss patterns alone. This shows 
again that the term "TPO" is quite generic, 
encompassing many different types of 
polymers. 

Summary 

Because of the chemical terminology 
involved, the non-specific chemical compo- 
sition of the polymer and the marketing 
focus of manufacturers, there is much con- 
fusion about TPO roofing membranes. 


If the ASTM task group developing the 
TPO standard insists on using the term 
"olefin" in the standard's name, then it 
should consider using the name "Flexible 
or Thermoplastic Polyolefin" in the title, as 
this would be in line with the terminology 
used in Europe (i.e., flexible polyolefin, FPO). 
Furthermore, manufacturers should consider 
clearly stating whether their product is a 
polypropylene- or polyethylene-based 
system, to minimize possible confusion. 
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